Objective To evaluate the effect of adding multiparametric magnetic resonance imaging (mpMRI) to pre-surgical planning on surgical decision making for the management of high-risk prostate cancer (HRPC). Patients and methods A survey was designed to query multiple centers on surgical decisions of 41 consecutive HRPC cases seen from 2012 to 2015. HRPC was defined by the National Comprehensive Cancer Center Network guidelines. Six fellowship-trained urologic oncologists were asked for their surgical plan in regards to the degree of planned nerve-sparing and lymph node dissection. Two rounds of surveys were administered to six external urologic oncologists. The first survey included the case description only and the second included case description with mpMRI images and report. The correct surgical plan was analyzed by correlation of the degree of planned surgical excision and consistency with the final pathologic evaluation. A priori, an effect size of 20% change was used to determine statistical significance, at p < 0.05. Results All cases had at least one change to surgical planning after mpMRI review. Forty (98%) patients had a change in the degree of planned nerve sparing: wider excision in 32% and increased nerve sparing in 24%. After mpMRI the correct surgical plan change was made in 49% for the right and left 51%, decreasing the potential for positive margins. Lymph node dissection was altered from standard to extended lymph node dissection in 17%. Conclusions Although mpMRI is not integrated in guidelines for preoperative planning in HRPC, its use may impact surgical planning, cancer control, and quality of life.
Introduction
Men with high-risk prostate cancer have a high likelihood of extraprostatic extension (EPE) including seminal vesicle invasion (SVI), neurovascular bundle invasion, and lymph node involvement. Over 50% have previously unrecognized satellite lesions on multiparametric magnetic resonance imaging (mpMRI) [1] . There is often an underestimation of tumor burden and a potentially misguided surgical plan with increased possibility of positive margins [2] . MRI has shown promise in surgical planning in liver and breast cancer with improvements in oncological outcomes [3] [4] [5] .
Preoperative prostate mpMRI is not routinely recommended as standard practice by guidelines for pre-surgical planning in high-risk prostate cancer patients [6] . Current loco-regional staging with computed tomography (CT) scans and digital rectal exams are inadequate for detecting EPE and SVI [7, 8] . mpMRI can be used to determine the extent of local disease in prostate cancer patients, but has not been widely adopted for preoperative surgical planning [8] [9] [10] .
The purpose of this study was to determine the impact of mpMRI on surgical planning for men with high-risk prostate cancer by analyzing survey data from six experienced urologic oncologists based on clinical data alone, followed by the addition of mPMRI prior to planned radical prostatectomy.
Patients and methods
A standardized approach to evaluation was implemented by a single surgeon (BFC) for the pre-surgical evaluation of highrisk prostate cancer patients at a single tertiary referral center. The study includes 41 consecutive patients who underwent mpMRI prostate and pelvic imaging, followed by robotassisted laparoscopic prostatectomy and extended pelvic lymph node dissection for clinically localized high-risk prostate cancer. No patients in this study received neoadjuvant systemic therapy or were enrolled in clinical trials. Highrisk prostate cancer was defined according to the National Comprehensive Cancer Network (NCCN) definition (≥cT3, prostate-specific antigen (PSA) >20 ng/mL, or Gleason ≥8) [11] . Data were collected in a prospectively maintained database from 2012 to 2015. All patients underwent standard preoperative staging imaging with CT of the abdomen and pelvis and a bone scan. Institutional review board approval was obtained. The survey was developed and internally tested prior to sending out for official participation.
Six fellowship-trained urologic oncologists agreed to participate in a survey of management for these 41 high-risk prostate cancer cases. Each urologist previously completed a Society of Urologic Oncology fellowship at six different institutions. They were presented with cases and queried regarding surgical management. Case description included age, American Urologic Association symptoms inventory score, Sexual Health Inventory for Men score, family history, PSA level, prostate exam findings, pathology (Gleason score, total cores, and cores positive, millimeter focus of cancer in each core), and prostate volume. The first survey included the case description with clinical data only. Two months later, a second survey was provided, including the case description with mpMRI images and a standardized mpMRI report. The case order was shuffled with a random number generator for the second iteration of the survey. For each survey, the urologic oncologists were asked for their surgical plan in regards to the degree of planned nerve sparing (none, partial, full) on each side, bladder neck sparing (yes vs. no), lymph node dissection (standard, extended), and surgical approach (robotic vs. open). The questions asked on the questionnaire were designed to ascertain to ask questions about current surgical practices.
Careful attention was directed at not influencing answers by only giving narrow response options.
PIRADS (Prostate Imaging Reporting and Data System) scores were not used as all patients had already been diagnosed with significant high-risk prostate cancer.
Imaging
All patients were imaged on a 1.5 T GE HealthCare Signa HDx MR scanner (GE Healthcare, Waukesha, WI) using an eight-channel abdominal array coil and endorectal coil (MR Innerva; Medrad, Pittsburgh, PA). Acquisition specifications advanced over the study period, but typical sequences of the MR protocol included smaller field of view axial, sagittal, and coronal fast spin echo T2-weighted imaging, diffusion-weighted imaging (DWI) with b value of 700 and 1000 s/mm 2 apparent diffusion coefficient reconstruction (ADC), and dynamic contrast imaging (DCE), as well as whole pelvis T1-weighted imaging and DWI with ADC reconstruction ( Table 1 ). DCE-MRI was performed after intravenous injection of gadopentetate dimeglumine (Magnevist, Bayer HealthCare Pharmaceuticals) at 0.1 mmol/kg of body weight at a rate of 3 mL/s via a power injector and consists of 29 consecutive acquisitions over~3.5 min to fully evaluate the enhancement characteristics of the prostate gland and any lesion. MRI images were stored and reviewed on a standard picture archiving and communication system. For all cases, radiology review was completed by a radiologist with 10 years of experience reading prostate MRI (TKB) and a standardized report including a standardized set of representative images was generated (see Supplement 1 for an example report). The standardized report example can be seen in Supplement 1.
Statistical analysis
Statistical analysis was performed with SAS 9.4 (Cary, NC). A priori, the number needed for evaluating effect size was used to determine statistical significance; a 20% change in 36 surgical plans was determined to be statistically significant at p < 0.05.
For each patient, there were six questions addressing the surgical plan; thus, for each urologist 246 variables were available for analysis, and a total 1476 variables among the 41 cases.
Change to the surgical plan and correlation with final pathology was also investigated. This evaluated if the surgical plan was appropriately based on the findings at final pathology, that is, a patient with right neurovascular bundle invasion who originally did not have the right neurovascular bundle spared prior to the MRI was changed to a right nonnerve-sparing operation and had right EPE, indicating a positive impact of the mpMRI on surgical planning. The final surgical margins from the patient cases were used to determine the "correct" surgical plan.
The sensitivity and specificity of the mpMRI and final pathology were calculated. Sensitivity and specificity were calculated separately for EPE, SVI, and pathologic T3, and are presented with 95% confidence intervals.
Results
Among the 41 cases, mean PSA was 12.3 ng/mL (interquartile range: 5.2-13.3), clinical stage ranged from T1c to T3b, and 40 (95%) were Gleason ≥8 on biopsy ( Table 2) . Radiology re-review generated only three changes to the initial MRI reads.
All patients had at least one change to their surgical plan by urologists. Overall, there were 528 (36%) changes in the surgical plan. Following mpMRI review, each urologic oncologist changed their surgical plan between 18% and 48% of the cases (Table 3 ). However, the overall agreement of surgical plans was 72% before mpMRI review and 71% after; most changes were made to increase agreement, and were almost 20% increase in agreement of the surgical plan for the nerve sparing (Table 4a ). There was consensus for the nerve-sparing strategy for each patient (≥3 urologists agreed to increase, decrease, or no change to nerve sparing from what was initially planned) in all but 9%. After mpMRI review, the consensus was to increase nerve sparing in 20%, decrease in 32%, and no change in 40% (Table 4a ). Forty (98%) patients had a change in nerve sparing planned by at least one urologist. Three or more urologists agreed on a change for the nerve sparing after viewing the mpMRI for 61 nerves (74%) (Table 4b) . Overall, 58% of the nerve-sparing variables changed (Table 4c) . Changes to planned nerve sparing occurred with 157 (32%) nerves excised when they were originally planned to be spared and 119 (24%) nerves spared that were originally planned for excision. Figure 1 demonstrates the changes in nerve sparing for all 41 cases; there was a large variation preand post-mpMRI image review for each of the cases. Lymph nodes 10% a Although this number seems small when the plan was initially all correct for 72% of the patients prior to mpMRI review, the agreement of change is only small numbers likely because so many were initially the correct plan For the above, each nerve was considered separately for a total of 82 nerves Four cases (1.6%) were changed from a robotic to an open approach, all by a single surgeon. Lymph node dissection was altered in 41 cases (17%), and 29 changed from standard to extended. Bladder neck sparing was changed 37 times (15%) in 30 patients, 32 from sparing to a planned wide bladder neck and 5 from non-sparing to sparing. This change was made by ≤2 urologists 68% of the time.
Overall, the urologist had the appropriate surgical plan (degree of surgical excision was consistent with the final pathologic evaluation) in 72% of cases. Overall, after mpMRI review there was a 13% increase in the overall appropriately planned surgery and a 7% change to an incorrect surgery. After mpMRI review, the bladder neck sparing was changed to the appropriate surgical plan in 37% of cases, where the initial plan would have resulted in potentially unfavorable oncologic outcomes. For the right-sided nerve sparing, the correct surgical plan change was made in 49%, and for the left-sided nerve sparing, 51% were changed in those who initially had the potential for positive surgical margins. Values can be found in Table 4d .
For stage T3a and T3b, mpMRI specificity was 100% with a positive predictive value (PPV) of 100% (Table 5 ). Sensitivity and negative predictive value (NPV) for T3a were 57 and 48%, respectively. Sensitivity and NPV for T3b were 80 and 90%, respectively.
Urologic oncologists were also queried and 82% reportedly routinely obtain a mpMRI for surgical planning in men with clinically localized high-risk prostate cancer.
Discussion
We found urologic oncologist surgical planning for highrisk prostate cancer to be heavily influenced by the findings of a preoperative mpMRI. mpMRI influenced surgical planning to be changed to the "correct" surgical plan in 50% of the cases. With mpMRI, a more conservative nervesparing approach was taken in 32% of cases and nerves were spared 24% of the time, which would otherwise been excised. Our findings suggest that mpMRI may lead to improved outcomes for these high-risk prostate cancer patients. A prospective clinical trial maybe warranted; however, the feasibility of this would be difficult.
Multiple studies in breast cancer have demonstrated a favorable impact of preoperative mpMRI on surgical Overall before mpMRI review that were correct 72%
Overall after mpMRI review that were correct 85%
Overall after mpMRI reivew that were initially correct and changed to incorrect 7% After mpMRI review, the following parameters that were initially incorrect were changed to correct
Bladder neck 37%
Right-sided nerve spare 49%
Left-sided nerve spare 51%
planning and oncological outcomes [12] [13] [14] . Importantly, mpMRI is commonly used for preoperative staging to reduce positive surgical margins [15] . Similar to breast mpMRI, preoperative prostate mpMRI has promise in defining the extent of disease, providing more accurate clinical staging, and may help in reducing positive surgical margins or more aggressively preserving erectile nerves.
Recently, mpMRI technology has been used to begin 3D printing of prostate models with their neurovascular bundles, but they have not yet been used in practice for surgical planning [16] . Previous studies have used mpMRI to determine if neurovascular bundle involvement seen on mpMRI correlated with pathologic findings and have found that there is a good correlation [17, 18] . Most studies for mpMRI in the setting of prostate cancer that is not high risk have shown poor operating characteristics for predicting EPE. Although in the setting of high-risk prostate cancer more macro EPE exists, it thus improves the performance of mpMRI compared to micro EPE in prostate cancer that is not high risk. mpMRI is not currently recommended by guidelines prior to surgery despite the correlation with pathologic findings [10] . mpMRI has been found to have value in prostate cancer management, but we have demonstrated its potential added value with regards to operative planning in patients with high-risk prostate cancer [17, 19] .
CT scan of the abdomen and pelvis or MRI is recommended by guidelines for staging high-risk prostate cancer [11] . CT provides identification of gross lymphadenopathy, but has limited ability to distinguish normal from abnormal prostate or distinguish NVB involvement with tumor [20] . mpMRI is an approved staging study for prostate cancer and could be applied to more accurately stage patients and potentially improve surgical outcomes [11] . Patients staged with mpMRI have been found to have lower positive surgical margin rates at the time of surgery [21] . Our data suggest that mpMRI in the preoperative setting has a substantial favorable impact on surgical planning. With the ability to evaluate lymph nodes below the aortic bifurcation and improved local prostate staging, mpMRI may reasonably be considered as a standard in the staging of high-risk prostate cancer patients.
The strengths of our study include blinded mpMRI review by an experienced radiologist, generating a standardized report and standardized images. The fellowship-trained urologic oncologists participating, representing six fellowships in the United States, have significant experience with mpMRI and prostate cancer management. Limitations include the lack of generalizability due to the use of one institution's mpMRI protocol (1.5 T with endorectal coil), sequences, and image acquisition along with interpretation by a single genitourinary (GU) radiologist. No 3 T images were used in this study, which may provide an advantage in prostate cancer detections. The single GU radiologist reviewer may introduce issues of validity and the ability of this study to apply to other institutions. Depending on the radiologist, there may be more consistency locally with a radiologist on EPE compared to across institutions. Lack of consistency could lead to unnecessarily aggressive surgery or incorrect preservation of the neurovascular bundles. If the radiologist is more likely to call EPE, then both the specificity and PPV drops, but sensitivity and NPV would improve. Additional limitations include lack of a control group to evaluate how often surgical plan changed simply by surveying urologist 2 months apart with shuffled case order (i.e., no addition of MRI). All the clinical cases were those of a single clinician at a single institution, which may present additional limitations. We also did not have a control group that did not receive the MRI images, but did receive the report; if this had been part of the study, perhaps, then there may have been better agreement amongst the urologist for surgical plans after the viewing of the report. The interpretation of the MRI on the urologists' part may have led to unnecessary variation. Lastly, since surgeons knew they would subsequently see mpMRIs for the cases, this may have influenced what they reported for their initial management strategy. Thus, if a mpMRI is obtained, it may not provide the useable details for surgical planning that were found in this study.
Conclusion mpMRI prior to prostatectomy for high-risk prostate cancer appears to have a significant favorable impact on surgical planning. Preoperative mpMRI may lead to improved decision making regarding nerve-sparing and bladder neck dissection with the potential for decreasing positive surgical margin rates when obtained prior to radical prostatectomy for high-risk prostate cancer. 
